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Abstract: Routine operations of a nuclear research reactor and its facilities 
offer opportunities for collection of rare environmental tracer datasets which 
can be used for atmospheric dispersion model evaluation studies. The HIFAR 
reactor near Sydney, Australia, routinely emits the radioactive noble gas 41Ar, 
and other radionuclides such as 133Xe and 135Xe are also emitted from nearby 
radiopharmaceutical production facilities. Despite extremely low emission 
levels of these gases, they are nevertheless detectable using state-of-the-art 
technology, and sensitive detectors have been placed at four locations in the 
surrounding region which features complex terrain. The high research potential 
of this unique dataset is illustrated in the current study, in which predictions 
from two atmospheric dispersion models used for emergency response are 
compared with 41Ar peak observations from the detector network under a range 
of stability conditions, and long-term integrated data is also compared with a 
routine impact assessment model. 
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1 Introduction 
Australia’s national nuclear facility, managed at Lucas Heights in Sydney by the 
Australian Nuclear Science and Technology Organisation (ANSTO), operates a research 
reactor (named HIFAR, HIgh Flux Australian Reactor) used in the production of 
radioactive materials for a range of medical, industrial and research applications. As part 
of its environmental management strategy, ANSTO continuously monitors airborne  
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emissions from stacks involved in its production process. A program of meteorological 
measurements enables estimates to be made of the downwind concentration of airborne 
pollutants, for computation of effective doses to individuals due to routine releases of 
airborne radionuclides in time-integrated models, and for input into real-time dispersion 
models for emergency response purposes. The modelled effective dose rates to members 
of the public are compared to notification levels set by ANSTO’s regulating agency 
ARPANSA (Australian Radiation Protection and Nuclear Safety Agency). 
ANSTO’s emergency response system includes atmospheric dispersion model output 
for use in guiding the deployment of health physics survey teams in the case of an 
accidental release. As part of ANSTO’s strategy of continual improvement in 
environmental management, it is planned to provide more quantitative model outputs in 
the future, which will facilitate better emergency management decisions. The purpose of 
the research program of which this study is a part of is to determine the utility of  
datasets obtained from a network of environmental gamma radiation monitoring  
stations for evaluation of atmospheric dispersion models in the region of the ANSTO site 
at Lucas Heights, Sydney (Australia), which is characterised by hills and valleys with 
some maritime influences like sea breezes. These monitoring stations provide a 
continuous time series of gamma radiation data that are radionuclide-specific, and for the 
assessment of regulatory and emergency response models to be presented here, we have 
chosen the unique 41Ar tracer, which is only produced by the research reactor. 
Additionally, three-monthly radionuclide emissions of 133Xe and 135Xe from a nearby 
radiopharmaceutical production facility are used in the regulatory model, PC-Cream 
(Simmonds et al., 1995) and compared with the monitoring data over a one-year period. 
2 Methodology 
2.1 Meteorological monitoring 
In order to investigate atmospheric dispersion processes in the complex terrain 
surrounding Lucas Heights, ANSTO has installed a network of three meteorological 
stations and four environmental gamma monitoring stations (Figure 1). Meteorological 
data have been collected since the start of site operations in the 1960s but more  
recently in digital form since 1991. Meteorological statistics such as average wind  
speed, wind direction and standard deviation of wind direction (σθ) are collected every  
15 minutes, stored in-situ and radio-telemetred to a central location for transmission  
to various locations including the emergency operations centre. The meteorological  
data and 41Ar source release data provide the inputs to the atmospheric dispersion models 
to be evaluated. 
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Figure 1 The Lucas Heights region showing locations of meteorological and environmental 
gamma monitoring stations with topographic features 
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2.2 The environmental gamma monitoring system 
The GR150 gamma radiation detection system used in this study was developed by 
Exploranium Canada (Grasty et al., 2001). The system allows gamma dose rates (nGyh–1) 
to be collected every 15 minutes for radionuclide of interest i.e., 41Ar, 133Xe, 135Xe, 
skyshine, air kerma rates and the naturally occurring isotopes U, K and Th. Background 
levels are calculated using local meteorological data to determine when the wind 
transports radionuclides from defined sources towards or away from the detectors. Case 
studies were chosen by identifying major peaks in the 41Ar data time series from 
November and December 2002, and in the winter of 2003 when more stable atmospheric 
conditions were observed. These studies were processed for impacts at the following 
locations: the nearby LH gamma monitoring station (0.82 km from HIFAR) and the 
Waste Services (WS) site (0.73 km); and the more distant stations at Barden Ridge (BR) 
(3.33 km), on the western side of the Woronora River Valley, and Boys Town (BT) 
(2.78 km) to the east side of the valley (see Figure 1).  
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2.3 Dispersion and regulatory models 
We have evaluated two versions of the RIMPUFF (RIso Mesoscale PUFF) dispersion 
model (Mikkelsen, et al., 1984; Thykier-Nielsen et al., 1998) from Riso National 
Laboratories in Denmark. This model has been developed specifically for nuclear 
applications. In particular, it can be used to model dispersion of radionuclides and 
estimate the gamma radiation doses using calculations of gamma ray exposure from a 
finite size and shaped pollution cloud simulated by releasing a continuous series of puffs. 
The two versions of this model tested here have involved using different input wind field 
modules, the first being the LINCOM (LINearized COMputation) model supplied by Riso 
(Troen and de Bass, 1986), and the second being the NUATMOS (New version of the 
ATMOS1 model; Davis et al., 1984) model developed by an Australian group at Monash 
University (Ross et al., 1988; CAMM, 1993). The LINCOM model only uses input data 
from one height (10 m) whereas NUATMOS allows a vertical profile. To date, in order to 
directly compare NUATMOS with LINCOM we have only been testing with 10 m data. 
In addition, only one set of dispersion model options has been used in RIMPUFF. 
Specifically, the dispersion scheme simulates horizontal and vertical dispersion using a 
Pasquill stability category calculated with the USEPA (1987) methodology based on 
wind direction fluctuation standard deviations, σθ, wind speed and time of day. 
A new version of the Riso dispersion modelling system (Thykier-Nielsen et al., 2004; 
Mikkelsen et al., 2002; Mikkelsen et al., 1997), which integrates the wind field and 
dispersion calculations into one code and incorporates more modern micrometeorological 
scaling approaches (including Monin-Obukhov length scales) into the vertical mixing and 
dispersion calculations, has recently been acquired and will soon be tested as a possible 
replacement for the existing model. The results of the current study will therefore serve 
as a useful benchmark for assessment of this new model. 
Environmental gamma data integrated over three quarters in 2002 and the last quarter 
of 2003 are also compared to estimates from the long-term radiological impact 
assessment model, PC-Cream (Simmonds et al., 1995). 
2.4 Case identification and classification 
The cases studied at each of the monitoring stations during winter, late autumn and early 
summer covered all times during the day and as a result were modelled under different 
atmospheric stability, wind speed and dispersion conditions. In order to assess model 
performance, results were grouped according to stability class and terrain complexity, 
with special attention being given to cases in which very poor or ambiguous agreement 
was found.  
A plume with a finite volume containing gamma-ray-emitting radionuclides has an 
impact on the detector at distances up to about 300 m. There will be maximum impact 
when the plume centre-line is immediately above the detector but there can also be an 
impact from lower concentrations of radionuclides in the fringes of the plume. Smooth, 
discrete-shaped peaks indicate a consistent shift in wind direction with time, causing the 
plume to sweep across the detector. On the other hand, erratic behaviour of the gamma 
monitor traces with time was also often observed (see Figure 2), usually indicating the 
plume striking the detector more than once as winds meandered in its vicinity. 
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Figure 2 Examples of gamma radiation and model results vs wind variation (meandering wind) 
LH station Ar-41 dose rates - 12/12/02
-10
0
10
20
30
1:
45
A
M
2:
00
A
M
2:
15
A
M
2:
30
A
M
2:
45
A
M
3:
00
A
M
3:
15
A
M
3:
30
A
M
3:
45
A
M
4:
00
A
M
4:
15
A
M
4:
30
A
M
Time
D
os
e 
(n
G
y/
h)
Gamma data Nuatmos Lincom
L1 10m Wind data
0
90
180
270
360
1:
45
A
M
2:
00
A
M
2:
15
A
M
2:
30
A
M
2:
45
A
M
3:
00
A
M
3:
15
A
M
3:
30
A
M
3:
45
A
M
4:
00
A
M
4:
15
A
M
4:
30
A
M
Time
W
in
d 
di
re
ct
io
n(
o )
0
1
2
3
4
W
in
d 
sp
ee
d(
m
s-
1 )
Wind direction Wind speed
It is important to remember that the wind field models have only been tested with wind 
data from one altitude, usually 10 m or an observation corrected back to this height. The 
effects of both topography and wind shear can influence atmospheric dispersion 
processes. Therefore, in order to study topographic factors the analyses are divided into 
the impacts on different receptor locations. For example the LH and WS detectors are 
within 1 km of the 41Ar source with only gently sloping terrain in the vicinity. The 
detector at BR lies further away, over a rise and down in a side gully that leads to the 
main Woronora River Valley. The latter valley is 100 m deep and lies between the source 
and the BT detector in the southeast that might be expected to have a different influence 
on the dispersion processes. 
2.5 Model evaluation techniques and recent studies 
Ratios of the model peak estimates have been calculated against those in the measured 
gamma data (measured: model), sometimes for two or more peaks in more complicated 
cases. The statistical analyses presented include the fraction of predictions within factors 
of two and five (FA2 and FA5), which is commonly used as an indicator of model 
performance, and the factor of exceedance (FOEX) as defined in Mosca et al. (1998). 
The FOEX ranges between –50% and +50%, with a value equal to –50% indicating 
that all the values are under-predicted whereas +50% indicates that all values are 
over-predicted. The FOEX index does not take into account the magnitude of the 
over-prediction; it evaluates only the number of events of over-prediction. However, a 
quantitative estimate can be obtained by coupling the FOEX and several ‘FA*’ statistics 
(Mosca et al., 1998). A perfect model would have FA2 = 1.0 and FOEX = 0.0 in which 
case all fractions of predictions are within a factor of two of the observations, and there 
are exactly half under-predictions and half over-predictions. 
Time differences between the occurrence of model and measured gamma peaks have 
also been calculated, within the limitations of the 15-minute time resolution of the 
systems and the fact that some observed and modelled peaks were relatively flat over 
several time periods. The general atmospheric stability conditions were divided into 
two categories: 
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1 ‘unstable’, which included Pasquill stability categories from very unstable (A) to 
neutral (D) 
2 ‘stable’ (E and F). 
To date only a few ‘stable’ cases from 2003 have been analysed for station BR and a few 
‘unstable’ cases for WS.  
Canepa and Builtjes (2001) state in their methodology of dispersion model testing 
that out of all the statistical indices they considered, FA* is one of the few indices that 
depend solely on the ratios between the measured and simulated concentrations, and not 
on the dataset itself. Therefore it is one of the only statistics that can be used with 
confidence to compare simulations of different experiments. It must be remembered, 
however, that the results of evaluation studies can rarely be compared unambiguously 
when different input datasets are used. As datasets similar to those used in the current 
study are rare, the comparison of our results with other recent studies in order to contrast 
model performance must therefore be conducted with caution.  
Relevant recent studies investigating radiological species include the work by 
Rojas-Palma et al. (2004; see also Lauritzen et al., 2003), which also uses routine 
releases of 41Ar to evaluate the accuracy of the atmospheric dispersion model RIMPUFF, 
although they concentrate on the gamma fluence rates with 10-minute data over a period 
of only one day. Long-range transport of airborne radioactivity over Europe as predicted 
by a new version of WSPEEDI (Worldwide version of System for Prediction of 
Environmental Emergency Dose Information) has recently been evaluated by Terada 
et al. (2004) using two weeks of six-hourly averaged measurements of 137Cs from six 
European stations. WSPEEDI uses a combination of models including the atmospheric 
dynamic model MM5 and a Lagrangian particle dispersion model called GEARN-new. 
Also of interest is a new model validation database created by Hill et al. (2004) for 
evaluating a number of different configurations of regulatory atmospheric dispersion 
models from local to regional scales against daily averages of 85Kr measurements. We 
will be concentrating on their results for local dispersion. 
Recent dispersion model evaluations using nonradiological species include the study 
of Chang and Franzese (2003) which compares the California Puff (CALPUFF) model, 
the Hazard Prediction and Assessment Capability (HPAC) and the Chemical/Biological 
Agent Vapor, Liquid, and Solid Tracking (VLSTRACK) model using data from a recent 
mesoscale field campaign (Dipole Pride 26, DP26) in which 30 air samplers measured 
15 min-average concentrations of SF6 over a three-hour period. However, only hourly 
averaged concentrations were used in their results, since CALPUFF cannot produce 
higher frequency data. Recent studies in complex terrain include that of Andronopoulos 
et al. (2004), comparing the Lagrangian atmospheric dispersion model ‘Demokritos 
Transport code system for complex terrain’ (DETRACT) against daily averages and 
time-integrated concentrations of 131I from 21 sampling locations over a period of four 
days. Finally, Canepa and Builtjes (2001) evaluate the Gaussian model SAFE_AIR 
against one-hourly averaged tracer concentrations measured at 28 receptors in a local area 
featuring complex terrain. 
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3 Results 
Statistics from the inter-comparison of measured gamma peaks and model estimates are 
presented in Figure 3 and discussed below. All results are calculated using data integrated 
over 15-minute intervals. 
Figure 3 Summary statistics (15 min data) – emergency response models vs observations 
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3.1 Detectors in near-flat terrain – LH and WS 
At the near-source detector stations typified by flat or gently sloping terrain over which 
the 41Ar plume disperses, the following can be deduced: 
• The two models exhibit similar results at the LH site for all stabilities. FA2 ranges 
from 57–71% and FA5 from 79–96% with FOEX between 0 and –24% and for times 
within 15 minutes ranging between 57–71%. 
• Results for the WS site are not as good for FA2 which is 20% for 
LINCOM/RIMPUFF and 40% for NUATMOS/RIMPUFF, but are better for FA5 
with 100% and FOEX of 10% for both models and arrival within 15 minutes 
of 40% for LINCOM/RIMPUFF and 60% for NUATMOS/RIMPUFF. It should be 
noted that there was only a small sample size of five cases for WS with only 
unstable cases. 
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3.2 Detector in undulating terrain – BR 
With only a small sample of five cases, no definite conclusions can be drawn in the 
current study. However, it appears that both models are consistently under-predicting 
peak heights (FOEX of –50%), and only one out of the five cases arrived within 15 
minutes. Slight differences between LINCOM/RIMPUFF and NUATMOS/RIMPUFF are 
seen in the factor analysis with FA2 and FA5 of 40% (two out of five cases) for 
LINCOM/RIMPUFF and FA2 of 20% (one out of five cases) and FA5 of 60% (three out 
of five cases) for NUATMOS/RIMPUFF. A more detailed inspection of the wind fields 
that produced these results indicates that in both models the plumes were predicted to be 
deflected slightly to the west of the detector (Figure 4), perhaps due to local terrain 
influences. LINCOM/RIMPUFF also indicates stronger winds in the vicinity of the BR 
detector, thus producing enhanced transport and dispersion and lower predicted air 
concentrations and gamma radiation doses. 
Figure 4 Comparison of the modelled plume behaviour near the BR station at 170603 0315 EST 
LH
BT
WS
BR
HIFAR
310000 312000 314000 316000 318000
Eastings UTM (m)
6227000
6229000
6231000
6233000
6235000
N
or
th
in
gs
U
T
M
(m
)
                   LINCOM
LH
BT
WS
BR
HIFAR
310000 312000 314000 316000 318000
Eastings UTM (m)
6227000
6229000
6231000
6233000
6235000
N
or
th
in
gs
U
T
M
(m
)
   NUATMOS
BR station Ar-41 dose rates - 17/06/03
-2
0
2
4
6
8
10
2:
15
A
M
2:
30
A
M
2:
45
A
M
3:
00
A
M
3:
15
A
M
3:
30
A
M
3:
45
A
M
4:
00
A
M
Time
D
os
e 
(n
G
y/
h)
Gamma Data Nuatmos Lincom
L1 10 m Wind data
0
90
180
270
360
2:
15
A
M
2:
30
A
M
2:
45
A
M
3:
00
A
M
3:
15
A
M
3:
30
A
M
3:
45
A
M
4:
00
A
M
Time
W
in
d 
di
re
ct
io
n(
o )
0
1
2
3
4
W
in
d 
sp
ee
d(
m
s-1
)
Wind direction Wind speed
 
    
 
 
   
   
 
   
   
 
   
       
 
   
 
   
   
 
   
   
 
   
    Nuclear tools for characterising radiological dispersion in complex terrain 97    
 
 
It is important to note that all five BR cases occurred in stable conditions. Protonotariou 
et al. (2004) has reported that strong local circulations caused significant discrepancies 
during stable conditions for the Urban Airshed Model (UAM), a 3D Eulerian 
photochemical model, when it was evaluated against observations of NO2 in an area of 
complex terrain and also for a suburban area near a city centre. Our detector at BR is 
located in a medium density housing area in undulating terrain, so it may be that plume 
dispersion is locally influenced by wind circulation patterns that are not predicted by 
the models. 
3.3 Detector in complex terrain – BT 
Previous atmospheric tracer studies using inert perfluorocarbon tracers from Lucas 
Heights have suggested that under morning conditions the plumes from Lucas Heights do 
not appear to interact strongly with the Woronora valley in cross-valley winds 
transporting the air-mass to the BT site (Clark et al., 2000). Peaks in the gamma radiation 
data at BT are regularly observed under stable atmospheric conditions. 
For the current study, in the cases analysed using the environmental gamma radiation 
data (Figure 3), the models seem to perform best under stable conditions at BT as 
opposed to unstable conditions, with FA2 of 38% for LINCOM/RIMPUFF and 67% for 
NUATMOS/RIMPUFF (compared to 10% and 45% for unstable conditions), FOEX of 
2% for LINCOM/RIMPUFF and –7% for NUATMOS/RIMPUFF (compared to –32% 
and 23%) and higher values for times within 15 minutes of 67% and 76% (compared to 
64% and 64%), with NUATMOS/RIMPUFF performing the better of the two. 
During unstable conditions, LINCOM/RIMPUFF under-predicts for most cases at BT 
with FOEX of –32% and FA2 of 10% as opposed to NUATMOS/RIMPUFF which 
over-predicts by 23% and has FA2 of 45% and FA5 of 91%, performing the better of 
the two again. 
3.4 Cases with poor agreement 
A number of cases were investigated in more detail when there was very poor or no 
agreement between the models and observations. For the LH detector, the model winds 
sometimes appear to be over-predicted. As the plume is expected to be relatively 
concentrated and narrow this close to the source, it should be noted that only a very slight 
offset in modelled wind directions can account for very poor performance at this site. 
This is consistent to findings from Canepa and Builtjes (2001) who found: ‘slight 
differences in average wind-speed and/or direction might cause high variations in 
peak concentrations’. 
At the WS site, distant wind stations seem to exert too great an effect on the local 
wind directions; when these distant stations were eliminated and only wind data used 
from the near source wind station, L1 (Figure 1), peaks then appeared in the model 
predictions. In several stable cases when the actual 41Ar plume was transported across the 
valley to BT, the modelled plumes became trapped within the valley (which had very 
light predicted winds). In the example shown in Figure 5, at 0630 EST the dispersion 
model puffs were trapped in the valley by the LINCOM winds, resulting in high 
concentrations there, but were then released as a concentrated ‘slug’ at 0645 EST to 
cause higher modelled doses than observed. In this case, the NUATMOS/RIMPUFF 
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model gave better agreement in both the peak arrival time and intensity of the 41Ar 
gamma dose. 
Figure 5 Comparison of valley plume trapping (LINCOM) and cross-valley dispersion 
(NUATMOS) near the BT station under stable atmospheric conditions at 
250703 0630 EST 
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The ability of NUATMOS to use a vertical wind profile as input was found to be 
beneficial for unstable cases where the model performed poorly. These cases were 
studied in more detail by using both the 10 m and the 49 m height data from the 
meteorological tower at L1 as input to NUATMOS, and then varying the height at which 
the NUATMOS wind field was computed for subsequent input to RIMPUFF. This 
resulted in peaks being correctly predicted that had previously gone undetected. Using 
modelled winds at 10 m for LH and 20 m for BT provides the best comparison with the 
gamma data, whereas heights >20 m for LH and 10 m heights for BT were found to 
perform poorly. As these results and other recent studies (Duran and Pospisil, 2004) 
show, the vertical shear of wind direction is a very important effect for short distances in 
Gaussian and Puff model predictions. Further tests of these and more recently available 
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versions of LINCOM/RIMPUFF (the Local Scale Model Chain (LSMC); Mikkelsen 
et al., 2002) and other models are planned for the future. 
3.5 Comparison of results with recent studies 
In comparison with other recent studies on atmospheric dispersion model evaluations, 
both of our wind models, LINCOM and NUATMOS with RIMPUFF, produce good 
simulations for 41Ar for the close range station LH. The FA2 values for LH range from 
57–71% depending on the stability, which is very high compared with results from 
Terada et al. (2004) who reported only 33% for the new version of WSPEEDI (a regional 
model simulation). Our models also compare well against the three models evaluated by 
Chang and Franzese (2003), who found FA2 results of 52%, 60% and 43% for 
CALPUFF, HPAC and VLSTRACK models respectively. However, both of these studies 
were conducted on much larger scales, so the current results are unsurprising. 
More directly comparable is the study of Rojas-Palma et al. (2004) who report 
under-predictions for 41Ar by RIMPUFF at close range (up to 1500 m). Such behaviour is 
only found in stable conditions at the BR site in our study and may be related to local 
affects as discussed earlier. 
Our complex terrain station BT exhibits results that vary for differing stabilities. FA2 
values from Canepa and Builtjes (2001) using SAFE_AIR (also complex terrain) range 
from 53–56% depending on their sampling technique and adjusted wind field parameters. 
NUATMOS/RIMPUFF compares favourably with these values with a FA2 of 67% for 
stable cases, 45% for unstable cases and FA5 of 81% for stable and 91% for unstable 
cases. In contrast LINCOM/RIMPUFF gives FA2 of 38% for stable cases, 10% for 
unstable cases and FA5 of 86% for stable cases and 36% for unstable cases. These latter 
results from LINCOM/RIMPUFF are similar to the daily averaged results reported for 
DETRACT by Andronopoulos et al. (2004) with FA2 of 17% and FA5 of 40% under 
different stabilities. Their results were improved by time-integration, with FA2 of 37.5% 
and FA5 of 68.8%. 
The two stations, WS and BR have the smallest FA2 values in our study. Our results 
show values of FA2 of 20% and 40% and FA5 of 100% and 100% for 
LINCOM/RIMPUFF and NUATMOS/RIMPUFF respectively under unstable conditions 
for WS and FA2 of 40% and 20% and FA5 of 40% and 60% for LINCOM/RIMPUFF 
and NUATMOS/RIMPUFF respectively under stable conditions for BR. These FA* 
values, although poorer than other cases in our study, still compare favourably against the 
local (within 3 km) dispersion results reported by Hill et al. (2004) who have FA2 in the 
range 20–36% and FA5 of 48–66% for a sample size of 188 with various configurations 
of common regulatory models evaluated against daily averaged 85Kr measurements. 
3.6 Routine release model evaluation 
The calculation of background levels of environmental gamma radiation for the 
radionuclides (using meteorological data) generates an average that is subtracted from the 
raw data to form a calibrated dataset. However, there is a standard deviation (fluctuation) 
associated with this average which reflects both natural variations in background levels 
and the intrinsic accuracy of the NaI detector. If the calibrated data are integrated over a  
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sufficiently long period, the net influence of these statistical fluctuations is expected to be 
small (but will not be exactly zero). The three-month integrated dataset discussed below 
includes the effects of these statistical fluctuations. 
In Table 1, data comparing the modelled and measured doses (µSv) are presented for 
the last three quarters of 2002 and the last quarter of 2003. Reliable environmental 
gamma radiation data was not available in the first three quarters of 2003, due to 
instrumentation problems. 
Table 1 Comparison of measured and modelled (PC-Cream) three month doses (µSv) 
 
 
Model 
data 
Measured 
data 
Model 
data 
Measured 
data 
Model 
data 
Measured 
data 
Model 
data 
Measured 
data 
Location Radionuclide 2002q2 2002q3 2002q4 2003q4 
LH (0.82km) 41Ar 1.99 1.83 1.84 1.53 0.49 0.73 0.75  0.36 
 133Xe 0.11 0.06 0.12 0.09 0.05 0.00 0.18  0.02 
 135Xe 0.15 0.09 0.15 0.08 0.07 0.08 0.16  0.29 
          
WS (0.73km) 41Ar – – 0.35 0.25 – – 0.98  0.48 
 133Xe – – 0.00 0.01 – – 0.02  0.04 
 135Xe – – 0.00 0.01 – – 0.02  0.05 
          
BT (2.78km) 41Ar 0.18 0.11 0.19 0.18 0.08 0.06 0.08  0.05 
 133Xe 0.01 0.01 0.01 0.02 0.00 0.00 0.02  0.02 
 135Xe 0.01 0.00 0.01 0.00 0.01 0.00 0.02 –0.02 
Note: A dash indicates no available data. 
Three-month integrated measured doses with magnitudes less than approximately 0.05 
µSv in Table 1 were below the statistical accuracy of the method, for the reasons 
discussed above, and consequently cannot be considered for the purposes of this study. 
This includes all measured doses of 133Xe and 135Xe at the BT and WS sites (notably, the 
slightly negative value for 135Xe in quarter four of 2003 at the BT site is an artefact of the 
background subtraction method discussed under ‘Methodology’). The 41Ar release is the 
main contributor to annual doses from all sources at Lucas Heights. In general 
the modelled estimates are higher than the measured doses (i.e., more conservative), 
for all the modelled 41Ar doses, being a maximum factor of 2.1 higher than those 
measured. A similar factor applies to the more significant 133Xe and 135Xe doses at the LH 
detector site. 
4 Summary 
The results of the presented studies comparing observed gamma radiation data and the 
emergency response models using 41Ar released from a research reactor indicate 
the following: 
    
 
 
   
   
 
   
   
 
   
       
 
   
 
   
   
 
   
   
 
   
    Nuclear tools for characterising radiological dispersion in complex terrain 101    
 
 
• Comparison of the environmental gamma data with estimates from two wind field 
models (LINCOM and NUATMOS) combined with the dispersion model RIMPUFF 
indicated variable performance under differing atmospheric stability and topographic 
influences. Both models performed well in comparison to other recent studies for the 
near source station LH, with LINCOM/RIMPUFF being slightly better than 
NUATMOS/RIMPUFF. On the other hand, NUATMOS/RIMPUFF performs 
significantly better than LINCOM/RIMPUFF for the across-valley (complex terrain) 
station BT under all stability conditions (with LIMCOM struggling to predict under 
unstable conditions). 
• The results from comparison of long-term impacts of the routine releases using the 
regulatory model, PC-Cream, indicated good agreement between the model and 
measurements. In general for 41Ar, which contributes most to the annual doses in the 
area, the agreement is within a factor of two, with the model estimates being 
conservatively high. 
• The time series of environmental gamma radiation data allows close investigation of 
various meteorological influences on dispersion in the nearby region. 
• Under stable atmospheric conditions, the plume from the reactor has been frequently 
observed on the ridge/plateau across the valley, indicating no significant entrainment 
into the valley itself in agreement with previous findings of Clark et al. (2000). 
Further analyses are required to test if all cross-valley winds transport the plume to 
the ridge detector, or if some cases are entrained under certain atmospheric 
conditions. Another detector is to be placed further down the valley at the SE wind 
station site (Figure 1) to test valley entrainment mechanisms in more detail. 
Given the marked variations observed in performance of the two wind field models tested 
here, it is clear that this site represents a challenging test for any models attempting to 
predict flow in complex terrain. For the stations with large amounts of data (i.e., LH and 
BT), good performance results for both LINCOM/RIMPUFF and NUATMOS/RIMPUFF 
models were found with the exception of the specific case of LINCOM/RIMPUFF under 
unstable conditions at BT. In the main part, these results compare well with the other 
recent studies mentioned here performing similar evaluations. Results from stations WS 
and BR appear to be poorer than the other two stations, although still in line with some 
recent local dispersion studies. The small sample sizes for these two stations make it 
difficult, however to form any strong conclusions.  
As environmental gamma radiation data is now routinely sampled by ANSTO in the 
Lucas Heights region, much larger (statistically more significant) datasets are being 
generated for future model evaluation studies. These new datasets will be invaluable 
when testing new dispersion models for possible incorporation into the emergency 
response system at ANSTO, including the recently acquired state-of-the-art dispersion 
modelling system from Riso (Thykier-Nielsen et al., 2004; Mikkelsen et al., 2002; 1997), 
and the results of the current study represent a useful benchmark for this process. With 
ongoing collection of a continuous time series of 41Ar data, and another detector planned 
to be deployed into the Woronora Valley in the near future, it appears that the ANSTO 
Lucas Heights 41Ar tracer dataset is a rare and valuable resource for dispersion model 
evaluation exercises. 
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